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Fig. 1 Schemahc illustrating past and future TGCM development The year of model

development and diminishing dependence on empirical specification is given
on the left of the boxes and the programs and data sources used for GCM
validation and scientific studies is given on the right. CCM refers to the NCAR

community climate model.



TIE-GCM OUTPUT

o ‘N.eut'ral gas temperature; T,;
o Neutral winds, U, V, W
| ° .‘Héig.ht of constant pressure surface; h,l'
o “Neutvral cbméosition and density
| ‘Major — O, 02, and N
Minor — N(2D), N(4S), NO, He, and Ar
o Ion composmon |

O*+(3P), O+(2D) O+(4S) NO“' Oj,]\
‘and Nt In; =n, )

‘AI<.)n temperature, T;

- Electron temperé.ture, Te

| | .o.'Global'diStribution of electric fields E and currents 7
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TIE-GCM
350 km, 0 UT, Equinox, Solar Maximum

(a) NEUTRAL TEMPERATURE AND WIND
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NCAR
TI-]:ERMOSPHERE-IONOSPHERE-ELECTRODYNAMICS
'~ GENERAL CIRCULATION MODEL
| (TH}GCND S

o Pr1m1t1ve equations of dynamic meteorology adapted to ther-
mospheric heights

¢ Eulerian model of the ionosphere
o Horizont:-*l grid 5° latitude x 5° longitude, geogra.phic

o Vertlca.l grid — 25 constant pressure surfa.ces, 2 gnd pomts per
scale helght 95 to 500 km

o Time step 240 or 300 S

o Globa.l dynamo with realistic magnetic field
INPUT = -
o »SOlari EUV a.nd UV ra.dia.tion 5 to 250 nm

) Empmcal 1onospher1c' convection and a.uroral partlcle precipi-
ta.tlon models

° Structure of upward propagatmg tides and other fea.tures from
middle atmosphere



THERMOSPHERE-IONOSPHERE-MESOSPHERE-ELECTRODYNAMICS
.~ GENERAL CIRCULATION MODEL
(TIME-GCM)

. 'TIE-GCM is extended downward to 30 km (10 mb) a.ltiﬁude
0 Ma.jor spei:ies transport for 02, Nz, and Ox(0 + 03)

o Mmor species transport for HgO H,, CHy, CO, COq, NOx(NO + NO,),
N(“S) HOx(H + HO, + OH)

e Minor species in photochemical equilibrium for _GD), N(D), H,0,,
02('4g), and O2(*Zy)

LT+

o ANLTE- CO; radiational cooling (Fomichev parameterization) ) 03 (G-Cum)d

o Fritts gravity wave parameterization

e Boundary conditions

(a) Lower: specified mixing ratios for Oy, Ny, Hz0, H;, CH,,
C0;,CO,0x,ad NOx §-5 wode| — 10O mb

(b) Upper: diffusive ethbnum for all specres except H where
exospheric escape is specified

.(¢) Dynamics based on tidal theory at various ﬁ'equencxes (10 mb)
o NMC 10MB GEOPITENTIAL. HEIGHT DATA

o D-region ion chemistry

o Energetic electron and proton particle degradation



MAJOR TIME-GCM OBJECTIVES

| @ How deep into the atmosphere do effects of solar vai'iability
7 penetrate? ' |

. How do disturbances from lower atmosphere affect middle
(30 - 100 KM) and upper atmosphere (100 - 500 KM)?

+ Couplings
* Solar Radiative

- * Auroral

* Chemical
- * Radiative
.- * Electrical

~ * Dynamic

® How will the upper atmosphere and ionosp‘héfe fespond
to global change?
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